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MONO-DIAMETER WELLBORE CASING 
Gross Refoence To Related /^jplications 
This sq)pljcation is related to the following co-pending applications: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
5 12/3/1999, (2) U.S. patent qjplication serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
plication serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
10 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney dodcet no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791.17.02, filed Ml 6/7/2000, (9) U.S. 
patent application serial no. 09/559*122, attorney docket no. 25791.23.02, filed on 
1 5 4/26/2000. (10) PCT patent application serial no. PCT/USOO/1 8635, attorney docket 
no. 25791 .25.02, filed on 7/9/2000, (11) U.S. provisional patent plication s«ial 
no. 60/162,671, attorney docket no. 25791 .27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
20 attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent 

application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 
25 patait q)plication serial no. 60/165,228, attorney docket no. 25791 ,39, filed on 

1 1/12/1999, (18) U.S. provisional patent plication serial no. 60/221,443, attorney 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application 
. serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. 
provisiraial patent application swial no. 60/233,638, attorney docket no. 2579 1 .47, 
30 filed on 9/1 8/2000, and (2 1) U.S. provisional patent appUcation serial no. 
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60/237,334, filed on October 2, 2000. Applicants incorporate by reference the 
disclosures of these applications. 

Background of ihc Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings tfiat are fonned using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed 
in the borehole to prevent coU^se of the borehole wall and to prevent undesired 
outflow of drilling fluid into Ae formation or inflow of fluid from the formation into 
the borehole. The borehole is drilled in intervals whereby a casing which is to be 
installed in a lower borehole interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence of this procedure the casing 
of the lower interval is of smaller diameter than the casing of the upper interval. 
Thus, tiie casings are in a nested arrangement with casing diameters decreasing in . 
downward direction. Cement annuli are provided between the outer surfaces of the 
casings and the borehole wall to seal the casings firom the borehole wall. As a 
consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves 
ina-eased costs due to heavy casing handling equipmmt, large drill bits and 
increased volumes of drilling fluid and drill cutting Moreover, increased drilling 
rig time is involved due to required cement punqring, cement hardening, required 
equipment changes due to large variations in hole diameters drilled in the course of 
flie well, and the large volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the 
.limitations of the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an q>paratus for plastically 
deforming and radially expanding a tubular menaber is provided that includes means 
for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. 



According to another aspect of flie present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular stqiport member including a first fluid passage, an expansion cone 
coiq>led to the tubular support member having a second fluid passage fluidicly 
coupled to Ae first fluid passage and an outer conical surface, a removable annular 
conical sleeve coupled to the outer conical surface of the expansion cone, an anniilar 
expansion cone launcher coupled to the conical sleeve and a lower portion of the 
tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. According to anotiier aspect of the present invention, a 
method of plastically deforming and radially expanding a tubular member is 
provided that includes plastically deforming and radially expandmg a portion of the 
tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coi^ling a 
first tubular member to a second tubular member is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubxilar 
member inside the first tubular member in overlapping relation to the first portion of 
the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic defoimations and 
radial expansions are substantially equal. 

According to another aspect of tiie present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means 
for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding anotiier portion of the first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 



plastically defonning and radially expanding the second tubular mcmher to a third 
outside diameter, and means for plastically defonning and radially expanding the 
second tubular member to a fourth outside diameter. The inside diametm of the 
first and second tubular members afto- tile plastic defonnations and radial 
5 e}^)ansions are substantially equal. 

According to another aspect of the present mvention, an qiparatus for 
fomnng a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for plastically deforming 
and radially expanding a first portion of the tubular member to a first outside 
10 diameter, and means for plastically defonning and radially expanding a second 
portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbwe is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coiq>led to the 
1 5 tubular support member having a second fluid passage fluidicly co\q;>led to the first 
fluid passage and an outer conical surface, a removable annular conical sleeve 
coupled to the outer ccmical surface of Ae expansion cone, an annular expansion 
cone launcher coupled to the conical sleeve and a lower portion of the tubular 
member, and a shoe having a valveable passage coupled to an end of the expansion 
20 cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular 
member within a wellbore, plastically deforming and radially expanding a portion of 
the tubular member to a first outside diaimeter, and plastically deforming and 
25 radially expanding another portion of the tubular member to a second outside 
diameter. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided fliat includes 
supporting a first tubular member within the wellbore, plastically deforming and 
30 radially expanding a first portion of the first tubular member to a first outside 

diameter, plastically deforming and radially expanding another portion of the first 
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tubular member to a second outside diamet^, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 
flie first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided tiiat includes means 
for plastically defomiing and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular memb^ to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 
plastically deforming aiid radially e?q)anding the second tubular member to a tiiird 
outside diameter, and means for plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes means for providing a lipped portion in a portion of the tubular member, 
and means for plastically deforming and radially expanding another portion of tiie 
tubular member. 

According to another aspect of the present invention, an q)paratus for 
plastically deforming and radially expanding a tubular member is provided tiiat 
includes a tubidar support member including a first fluid passage, an expansion cone 
coupled to flie tubular support member having a second fluid passage fluidicly 
coupled to the first fluid passage and an outer conical surfitce, an axmular expansion 
cone launcher including: a first annular portion coiqjled to a lower portion of the 
tubular member, a second annular portion coupled to tfie first annular portion that 



mates with tiie outer conical surface of the expansion cone, a fliird annular portion 
coupled to tiie second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside 
diameter, wherein tfie second outside diametar is less than tfie first outside diameter, 
and a shoe having a valveable passage coiq>led to fourth annular portion of the 
expansion cone laundier. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular membo- is provided that includes 
providing a lipped portion in a portion of fte tubular member, and plastically 
deforming and radially expanding anotiier portion of the tubular member* 

According to another aspect of the present invention, a method of coupling a 
first tubular number to a second tubular member is provided that includes providing 
a lipped portion in a portion of the first tubular member, plastically deforming and 
radially expanding another portion of the first tubular member, positioning tfie 
second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 
expanding the secondi tubular member. The inside diaineters of the first and second 
tubular members after the plastic defonnations and radial e7q>an5ions are 
substantially equal. 

According to another aspect of the present invention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for providing a lipped in the first tubular member, means for 
plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically deforming and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for providing a lipped 
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portion in flie tubular member, and means for plastically defonmng and radially 
expanding another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an a|q[>aratus for 
forming a wellbore casing within a weUbcnre is provided ttiat includes a tubular 
5 support member including a first fluid passage, an expansion cone coi^led to the 
tubular support meinber having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a . 
second annular portion coupled to the first annular portion tiiat mates with the outer 
1 0 conical surface of the expansion cone, a third annular portion coupled to tiie second 
annular portion having a first outside diameter, and a fourth annular portion coupled 
to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 
15 Acconiing to another aspect ofthe preset invration, a method of forming a 

wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, 
and plastically deforming and radially expanding another portion of the tubular 
member. 

20 According to toother aspect of the present invention, a method of forming a 

mono-diameter wellbore casing within a wellbore is provided that includes 
supporting a first tubular member within the wellbore, providing a lipped portion in 
a portion of the first tubular member, plastically deforming and radially expanding 
anothw portion of the first tubular member, positioning the second tubular member 

25 inside the first tubiilar member in overlapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and tsidial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
30 forming a mono-diameter wellbore casing within a wellbore is provided that 
includes means for providing a lipped in ttie first tubular member, means for 
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plastically deforming and radially expanding another portion of the .first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically deforming and radially expanding Ae second tubular member. 
5 The inside diameters of the first and second tubular members after tiie plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes means for plastically defonnirig and radially expanding a first end of the 
1 0 tabular member, and means for plastically deforming and radially expanding a 
second end of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first passage, an expansion cone 
1 5 . coi^led to the tubular support having a second passage fluidicly coiq>led to the first 
passage and an outer conical sur&ce, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an expandable tubular 
member coiq>led to an end of the. annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid 
20 passage, and anoflier annular expansion cone movably coupled to flie tubular support 
member. The annular expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes 
plastically deforming and radially expanding a first end of the tubular member, and 
25 plastically deforrhing and radially e?qpanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes 
. positioning the second tubular member inside the first tubular member in an 
overlapping relationship, plastically deforming and radially expanding Ae end of the 
30 second tubular member that overlaps witfi the first tubular member, and plastically 
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deforming and radially expanding the remaining portion of tiie second tubular 
. mraiber. 

According to another aspect of the present invbnti(m» an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for positioning the second tubular member inside the first tubular 
member in an overlying relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the secpnd tubular member. 

According to another aspect of the present invmtion, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes^ means for 
supporting a tubular member within the wellbore, means for plastically deforming 
and radially expanding a first end of the tubular member, and means for plastically 
deforming and radially expanding a second end of the tubular meniber. 

According to anoflier aspect of tiie present invention, an apparatus for 
forming a wellbore casing wittiin a wellbore is provided that includes a tubular 
support member including a first passage, an expansion cone coupled to the tubular 
support having a second passage fluidicly coiq>led to the first passage and an outer 
conical surface, an anniJar expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
aimular expansion cone movably coupled to the tubular sq>port member. The 
annular expansion cones are positioned in opposite orientations. 

According to anotfier aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically deforming 
and radially expanding a first end of the tubular member, and plastically deforming 
and radially expanding a second end of fte tubular member. 

According to anolber aspect of the present invention, a methoil of forming a 
wellbore casing within a wellbore is provided that includes plastically deforming 
and radially expanding a first tubular member within the wellbore, positioning a 



second tubular member inside the first tabular member in an overlapping 
relationship, plastically deforming and radially expanding the end of tiie second 
tubular member that overlaps with the first tubular member, and plastically 
deforming and radially rapanding &e remaining portion of the second tubular 
member. 

According to anotiier aspect of tiie pr^ent invention, an s^yparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
plastically deforming and radially e3q)anding a first tubular member within the 
wellbore, means for positionin]g the second tubular member inside the first tubular 
member in an overlapping relationship, means for plastically defcnming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the second tubiJar member. 

According to another aspect of the present invention, an apparatus for 
bridging an axial gap between opposing pairs of wellbore casing within a wellbore is 
provided that includes means for siQ>porting a tubular member in overl£q)ping 
relation to flie oiqx)sing ends of the wellbore casings, means for plastically 
deforming and radially expanding tiie tubular member, and 
. means for plastically defcxmiing and radially expanding iho tubular member and the 
opposing ends of iht wellbore casings. 

According to another aspect of tiie present invention,, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings, plastically deforming and radially expanding the 
tubular member, and plastically defomiing and radially expanding the tubular 
member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention, a metiiod of forming a 
structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional 
tubular members onto the interior surface of the first tubular member until the 
desired strength characteristics are achieved. 
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According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strengfli characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member 
within the wellbore, and plastically deforming and radially expanding additional 
tubular members onto tfie interior surface of the first tubular member until the 
desired strength characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODq and an original wall tfuckhess to, is provided that 
includes plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diairteter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlying relation to the first portion of the first tubular member, plaistically 
deforming and radially expanding flie second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
thanorequal to 16. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing is provided that includes positioning a first tubular 
. member within a wellbore, the first tubular member having an original outside 
diameter ODq and an original wall thickness to, plastically deforming and radially 
expanding a first portion of the first tubular member to a fiirst outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning flie second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially 



expanding the second tubular membo- to a fourth outside diameter. The inside 
diametCTS of the first and second tubular members after Ae plastic defonnations and 
radial expansions are substantially equal, and flie ratib of the oiiginal outside 
diameta- ODo of the first tubular member to the original wall tiiic^ess to of the first 
5 tubular monbra- is ^eater than or equal to 16. 

According to anoflier aspect of the present invention, an qjpaiatus is 
provided that includes a plastically deformed and radially o^ded tubular membo- 
having a first portion having a first outside diameter and a riemaining portion having 
a second outside diameter. The ratio of Ae original outside diameter ODq of die first 
10 tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to anodier aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radially e3q)anded first tubuJar 
member having a first portion having a first outside diameter and a remaining 
1 5 portion having a second outside diameta, and a plastically deformed and radially 
expanded second tubular member coiq)led to flie first portion of the first tubiilar 
member. The ratio of the original outside diameter ODo of the first tubular member 
to the original wall tiiickness t© of the first tubular meniber is greater than or equal to 
16. 

According to anothw aspect of flie present invention, a wellbore casing 
formed in a wellbore is provided that inchides a plastically deformed and radially 
ejqwnded first tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter OD© of the 
first tubular member to the original wall thickness to of the firet tubular member is 
greater than or equal to 16. 

According to anotho- aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radially e3q)anded tobular member. 
The ratio of Ae original outside diameter ODo of the tubular member to flie original 
wall thickness t© of flie tubular membo- is greater than or equal to 16. 
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Brief Desaripticm of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of 
5 an apparatus for radially expanding a tubular menaber into the wellbore of Fig. la. 

Fig. Ic is a cross-sectional illustration of the injection of fluidic materials 
Arough the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 1 c. 

0 Fig. le is a cross-sectional illustration of the pressurization of the region 
below the expansion cone of the ^aratus of Fig. 1 d. 

Fig. If is a cross-sectional illustration of the continued pressurization of the 
region below tiie expansion cone of the ^jparatus of Fig. le. 

Fig. Ig is a CTOss-sectional illustration of die continued pressurization of die 
5 region below the expansion cone of the apparatus of Fig. If following the removal 
of the over-expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completion of the radial 
expansion of die expandable tubular member of the apparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of 

1 the wellbore below the apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial expansion of anodier 
expandable tubular memb^ that overlaps with the qjparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the completion of die secondary 
radial expansion of the other expandable tubular member of Fig, Ik to fwrn a mono- 
diametCT wellbore casing. 

Fig. 2a is across sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of die placement of an embodiment of 
an ^aratus for radially expanding a tubular member into the wellbore of Fig. 2a. 
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Fig. 2c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the ^aratus of Fig. 2c. 
5 Fig. 2e is a cross-sectional illustration of the pressurization of the region 

below the expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
regies below tiie expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a CToss-sectional illustration of the completion of the radial 
1 0 expansion of the expandable tubular member of the apparatus of Fig. 2f 

Fig. 2h is a cross-sectional illustration of tiie drilling out of anew section of 
the wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectiwial illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 2h. 
1 5 Fig. 2j is a oross-sectional illustration of the sec<»idaiy radial expansion of 

the other expandable tubular meiriber of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of tiie conq>letion of the secondary 
radial expansion of the other expandable tubular member of Fig. 2j to form a mono- 
diameter wellbore casing. 
20 Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating 

the design and construction of the over-expansion insert 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the 
over-expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an alternative embodiment of the 
25 apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion 
insert 

Fig. 5a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
30 wellbore casing in the wellbore of Fig. 5a. 



14 



Fig. 5c is a fragmentaiy CTOss-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of the inflation of Ae 
inflatable bladder of Fig. 5c. 
5 Fig. 5e is a cross-sectional illustration of the new section of wellbore casing 

of Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a mono-diameter 
1 0 wellbore casing that includes the new secticm of the wellbore casing and an 
additional section of wellbore casing. 

Fig. 6a is a cross-sectional iUustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b is a cross-sectional illustration of tiie formation of a new section of 
15 wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fiagmentary CTOss-sectional illustration of the placement of a 
roller radial expansion device into tibe new section of Ae wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6c after ovCT-expansion. 
20 Fig. 6e is a cross-sectional illustration of the new section of wellbore casing 

of Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an 
additional section of wellbore casing. 
25 Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 
Fig. 7c is a cross-sectional illustration of the injection of fluidic materials 
30 through the apparatus of Fig. 7b. 
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Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through 4e apparatus of Fig. 7c. . 

Fig 7e is a cross-sectional illustration of ^epressurization of the region 
below the expansion cone of the apparatus of Fig. 7d. 
5 Fig. 7f is a cross-sectional illustration of the continued pt€5Surization of the 

region below the expansion cone of the sq^paratus of Fig 7e. 

Fig. 7g is a (Toss-sectional illustration of the completion of the radial 
eJ5)ansion of the expandable tubular membCT of the apparatus of Fig. 7f 

Fig. 7h is a cross-sectional illustration of the drilling out of a new section of 
10 the wellbore below the apparatus of Fig. 7g. 

Fig 7i is a cross-sectional illustration of the conq>letion of the radial 
expansion of another expandable tubular member to form a mono-diameter wellbore 
casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
1 5 section of wellbore casing having a recessed portion. 

Fig 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member wifliin the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials 
through tfie ^aratus of Fig. 8b. 
20 Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 

sealing material througjh the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 
Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
25 expansion of &e upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upp^ expansion 
. conefromthe wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of flie continued pressurization of the 
30 region below the expansion cone of the apparatus of Fig 8g to thereby plastically 
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deform and radially e?qpand tfie expansion cone launcher and expandable tubular 
member. 

Fig. 8i is a cross-sectional illustration of the con^leticm of the initial radial 
expansion process of the qsparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 8i in order to forma mono-diameter wellbpre casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and 
lower preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the couplmg of a tubular member to 
the opposing ends of die wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a 
radial expansion device into the tubular meinber of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the 
radial expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter weUbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing 
that includes a plurality of layers of radially expanded tubular members along at 
least a portion of the its length. 

Fig. 1 la is a cross-sectional illustration of a wellbore including a casing 
formed by plastically deforming and radially expanding a first tubular member. 

Fig. 1 lb is a cross-sectional illustration of a wellbore including another 
casing coupled to the preexisting casing by plastically deforming and radially 
expanding a second tubular member. 

Fig. 1 Ic is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially expandmg the second tubular member a second time. 

Detailed Description 

Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, 
pipelines, or structural supports. Furthermore, while the present illustrative 
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embodiments are described with reference to the fonnation of mono-diameter 
wellbore casings, the teachings of the present disclosure have general J5)plication to 
fhe formation or repair of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig^ la, a wellbore 10 includes a i^eexisting wellbore 
5 casmg 1 5. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 1 S may be coupled to fhe upper 
portion of the wellbore 10 using any number of conventional methods. In a 
preferred embodiment, fhe wellbore casing 15 is coupled to the upper portion of the 
wellbore 1 0 using one or more of the methods and apparatus disclosed in one or 
10 more of the following: (1) U.S. patent application scaial no. 09/454,139, attomey 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent plication serial no. 
09/510,913, attomey docket no. 25791.7:02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502^50, attomey docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 

15 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent appKcation serial no. 09/523,460, 
attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent a^Jlication 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent applicatira serial no. 09/588,946, attomey docket no. 

20 25791.17.02, filed on 6/7/2000, (9) US. patent application serial no. 09/559,122, 
attomey docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attomey docket no. 25791 .25.02, filed on 7/9/2000, 
(1 1) U.S. provisional patent application serial no. 60/162,671, attomey docket no. 
25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

25 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attomey 
docketno. 25791.36, filed on 10/12/1999, (15) U.S: provkional patent applicati^ 
serial no. 60/159,033, attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

30 provisional patent application serial no. , attomey docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent plication serial no. 
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60/165,228, attorney docket no. 25791.39, ffled on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. ' attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coi^led to 
another preexisting wellbore casing and/or may include one or more concratrically 
positioned tubular members. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tubular 
member may flien be positioned within the wellbore 10. The apparatus 100 includes 
a tubular support member 1 05 defining a passage 1 10 for conveying fluidic 
matCTiaJs. An expansion cone 1 15 defining a passage 120 and having an outer 
conical surface 125 for radially expanding tubular members is coupled to an end of 
the tubular siq)port member 105. An annular conical over-expansion sleeve 130 
mates witfi and is removably coupled to the outer conical surface 125 of die 
expansion cone 1 15. In several alternative embodiments, the over-expansion sleeve 
130 is fabricated from frangible materials such as, for example, ceramic materials, in 
order to facilitate the removal of the over-expansion sleeve during operation of the 
apparatus 100. In this manner, the amount of radial expansion provided by the 
apparatus may be decreased following the removal of the over-expansion sleeve 
130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 115 and&e over-expansion sleeve 130. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an 
intermediate portion that mates with the expansion cone 1 15 and tfie over-expansion 
sleeve 1 30, an a lower portion having a lower outer diameter. The lower outer 
diameter is greater than the urt)er outer diameter. A shoe 140 defining a valveable 
passage 145 is coiq)led to tiie lower portion of the expansion cone launcher 1 35. In 
a prefixed embodiment, the valveable passage 145 may be controllably closed in 
order to fluidicly isolate a region 150 below the expansion cone 1 15 and bounded by 
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the lower portion of Ae expansion cone launcher 135 and the shoe 140 from the 

region outside of Hhe apparatus 100. 

An expandable tubular member 1 55 is coiq>led to the upper portion of the 

expansion cone launcher 135. One or more sealing members 160a and 160b are 

coupled to die exterior of the upper portion of the expandable tubular membo' 1 55. 

In several alternative embodimoits, die sealing members 1 60a and 160b may 

include elastomeric elements and/or metallic elements and/or composite elements. 

In several alternative embodiments, one or more anchoring elements may substituted 

for, or used in addition to, the sealing members 1 60a toad 1 60b. 

In a prefmed embodiment, Ac support member 105, the expansion cone 1 1 5, 

Ae expansion cone launcher 135, the shoe 140, and the e?q)andab]e tubular member 

155 are provided substantially as disclosed in one or more of flie following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 

12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S: patent sqyplication soial 
no. 09/440338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
qiplication serial no. 09/523,460, attomey docket no. 25791 . 1 1 .02, filed m 
3/lQi^OOO, (6) U.S. patent applicatirai serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent ^Ucation serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/1 8635, attomey docket 
no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attomey docket no. 25791.29, 
filed <m 9/16/1999, (13) U.S. provisional patent appMcation serial no. 60/159,082, 
attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
plication serial no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent {plication serial no. 60/159,033, attomey docket no. 
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2579137, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

_^ . attorney docket no. 25791 .38, filed on 6/19/2000, (1 7) U.S. 

provisional patoat plication serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent plication serial no. 

. attorney docket no. 25791 .45, filed on 7/28/2000, (1 9) U.S. 

provisional patent application serial no. ' attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

., attorney docket no. 25791.47, filed on 9/1S/2000, the disclosures 

of which are incorporated boein by reference. 

As ilhistrated in Fig. lb, in a preferred embodiment, during placemojt of the 
apparatus 100 widiin the wellbore 10, fluidic materials 165 wiflnn the wellbore 10 
are conveyed through the apparatus 100 through the passages 1 10, 120 and 145 to a 
location above the apparatus 1 00. In diis manner, surge pressures during placement 
of the q>paratus 100 within the wellbore 10 are reduced, hi a preferred enibodiment, 
the apparatus 100 is initially positioned within the wellbore 10 such that the top 
portion of die tubular member 155 overlaps with the preexisting casing 15. hi this 
manner, the upper portion of the expandable tubular member 1 55 may be radially 
expanded into contact with and coi^led to the preexisting casing 15. As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 
the expandable tubular member 1 55 will vary as a fimction of the amount of radial 
expansion, the amount of axial shrinkage during radial e^qiansion, and the matwial 
]»x>p^es of the e3q>andable tubular meinber. 

As illustrated in Fig. Ic, a fluidic mataial 170 may then be injected ftrough 
the apparatus.lOO through the passages 110, 120, and 145 in order to test the proper 
operation of Uiese passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 1 75 may then 
be injected through the apparatus 100 through the passages 1 1 0, 120 and 145 into 
the annulus betweoi the iqiparatus and the wellbore 10. Li this manner, an annular 
barrier to fluid migration into and out of die wellbore 10 may be formed around the 
radially expanded expansion cone launcher 135 and expandable tubular member 
155. The hardenable fluidic sealing material may include, for example, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1 75 inay be omitted In several alternative embodiments, the 
hardenable fluidic sealing material 1 75 is Compressible, before, during and/or after, 
the curing process. 

As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be 
injected into the apparatus through the passages 1 10 and 120. A ball plug 185, or 
oflier similar device, may then be injected with Ae fluidic material 1 80 to fliereby 
seal off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the q>paratus 100. 

As illustrated in Fig. If, the continued injection of die fluidic material 1 80 
into the apparatus 100 causes the expansion cone launcher 135 and expandable 
tubular member 155 to be plastically deformed and radially expanded ofif of the 
over-expansion sleeve 130. In this manner, tiie expansion cone 1 1 5 and over- 
expansion sleeve 1 30 are displaced relative to the expansion cone launcher 135 and 
expandable tubular member 155 in the axial direction. 

After a predetermined time period and/or after a predetermined axial 
displacement of flie expansion cone 1 15 relative to die expansion cone launcher 135 
and expandable tubular member 155, the over-expansion sleeve 130 may be 
removed fi-om the outer conical surface 125 of the e>q>ansion cone 1 15 by flie 
application of a predetermined inward shock load to the support member 105. In a 
preferred embodiment, the shock load causes the fiangible over-expansion sleeve 
130 to fracture into small pieces ttiat are then forced off of the outer conical surface 
125 of the expansion cone 1 15 by the continued pressurization of die region 150. In 
a preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized 
into grains of material by the continued pressurization of flie region 150. 

Referring to Fig. Ig, following the removal of the frangible over-expansion 
sleeve 130, the continued pressurization of the region 150 causes flie expandable 
tubular member 155 to be plastically deformed and radially expanded and extruded 
off of the outer conical surfece 125 of the expansion cone 1 1 5. Note that the amount 
of radial expansion provided by the outer conical surface 125 of expansion cone 115 
is less than the amount of radial expansion provided by the combination of flie over- 
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expansion sleeve 130 and the expansion cone 1 1 5. In ibis manner, as illustrated in 
Fig. Ih, a recess 185 is formed in the radially expanded tubular member 155. 

After completing the plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 190 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of Ae wellbore 1 0 may also be 
drilled out in order to pennit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 155. 

Referring to Fig. lj\ a tubular member 200 may then be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, tiie upp^ portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 1 85 of the tubular member 155. In a preferred embodiment, one or more 
sealing members 205 are coupled to the exterior surface of the upper portion of the 
tubular member 200. In a preferred embodiment, the sealing members 205 seal the 
interface between the upper portion of the tubular member 200 and the recessed 
portion 185 of the tubular member 155. In several alternative embodiments, the 
sealing members 205 may include elastomeric elements and/or metallic elements 
and/or con^osite elements, hi several alternative embodiments, one or more 
anchoring elements may substituted for, or used in addition to, die sealing members 
205. In a prefixed embodiment, an annular body 210 of a hardenable fluidic sealing 
material is also formed around the tubular meihber 200 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed 
and radially expanded, and the annular body 210 is formed using one ot more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
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2/23/2000, (3) U.S. patent £q)plication serial no. 09/502,350, attorney docket no. 
25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, 
attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 25791 . 1 1 .02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application swial no. 09/51 1,941, attom^ docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S! patent application serial 
no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, 
filed on 7/9/2000, (U) U.S. provisional patent application seriatt no. 60/162,671 , 
attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent 
application serial no. 60/154,047, attorney docket no. 215791.29, filed on 9/16/1999, 
(13) U.S. provisional patent aH)lication serial no. 60/159,082, attorney docket no. 
2579134, filed on 10/12/1999, <14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent q>plication serial no. 60/159,033, attorney docket no. 25791.37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patait application serial no. 60/165,228, attorney docket no. 25791 .39, 
filed oa 11/12/1999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

" , attorney docket no. 25791.47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted. In 
several alternative embodiments, the annular body 210 may be radially conq}ressed 
before, during and/or after curing. 

Referring to Fig. Ik, an explansion cone 215 may then be driven in a 
downward direction by fluid pressure and/or by a siq>port member 220 to plastically 
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defoim and radially expand the tubular meniber 200 such that the interior diameter 
of the tubular members ISS and 200 are substantially equal. In this manner^ as 
illustrated in Fig. 11, a nKino-diameter wellbore casing may be formed, hi a 
prefenred embodiment, during the displacement of the expansion cone 215 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 220a defined within the support member 
220. 

Referring to Figs. 2a and 2b, in an altemative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within fho wellbore 
10. The ^aratus 300 includes a tubular siq>port member 305 defining a passage 
' 310 for conveying fluidic materials. An expansion cone 315 defining a passage 320 
and having an outer conical surface 325 for radially expanding tubular members is 
coiq^led to an end of die tubular siqiport member 305. An annular conical over- 
expansion insert 330 mates with and is removably coupled to the outer conical 
surface 325 of the expansion, cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone 
launcher 335 includes an upper portion having an upper outer diameter, an 
intermediate portion that mates with the expansion cone 315 and the over-expansion 
insert 330, an a lower portion haying a lower outer diameter. The lower outer 
diameter is greater than the upper outer diameter. A shoe 340 defining a valveable 
passage 345 is coiqiled to the lower portion of the expansion cone launcher 335. In 
a prefored embodiment, the valveable passage 345 may be controUably closed in 
order to fluidicly isolate a region 350 below the expansion cone 3 15 and bounded by 
the lower portion of the e^^ansion cone launcher 335 and the shoe 340 fi-om the 
region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion ins^ 
330 includes a plurality of spaced-apart arcuate inserts 330a, 330b^ 330c and 330d 
that are positioned between the outer conical surface 325 of the expansion cone 3 1 5 
and the inner surface of the intermediate portion of the expansion cone launcher 335. 
In this manner, the relative axial diqjlacement of the expansion cone 315 and the 
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expansion cone launcher 335 will cause tbe expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may 
be formed in the radially expanded expansion cone launcher 335. hi several 
alternative embodiments, the inserts 330a, 330b, 330c, and 330d fall out of the 
5 recess and/or are removed from the recess using a conventional retrieval tool upon 
the conq>letion of the radial expansion process. 

In an alternative enibodiment, as illustrated in Fig. 3a, the over expansion 
insert 330 furflier includes intermediate resilient membos 331a, 331b, 331c, and 
331d for resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, 
10 upon Ihe conviction of the radial expansion process, the resilient force exerted by 
the resilient members 33 1 causes the over-expansion insert to collapse in the radial 
direction and thereby fall out of the recess. 

An expandable tubular member 355 is coiq>led to the upper portion of the 
expansion cone launcher 335. One or nwre sealing members 360a and 360b are 
15 coiq)]ed to flie exterior of the upper portion of flie expandable tubular member 355. 
Jn several alternative embodiments, the sealing members 360a and 360b may 
include elastomeric elements and/or metallic elements and/or con^M^site elements. 
In several alternative embodiments, one or more anchoring elements may substituted 
for, or used in addition to, the sealing members 360a and 360b. 
20 In a preferred embodiment, the siqjport member 305, the expansion cone 3 15, 

the ejqjansion cone launcher 335, the shoe 340, and &e expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on . 
.12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 2579 1 .8.02, filed on 2/1 0/2000, (4) U.S. patent plication serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
applicalicm serial no. 09/523,460, attorney docket no. 2579 1 . 1 1 .02, filed on 
3/1 0/2000, (6) U.S: patent plication serial no. 09/512,895, attorney docket no. 
30 25791.12.02, filed on 2/24/2000, (7) U.S. patent appUcation serial no. 09/51 1.941, 
attorney docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. patent application 
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serial no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6n/2(m, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCr/USOO/18635, attorney docket 
no. 25791 .25.02, filed on 7/9/2000, (11) U.S. provisional patent plication serial 
5 no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 

provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent sqjplication serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 

application serial no. 60/159,039, attorney docket no. 25791.36, filed <m 10/12/1999, 
10 (15) U.S. provisional patent application serial fto. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S; provisional patent ^Ucation serial no. • 

, attorney docket no. 2579138, filed on 6/19/2000, (17) U.S. 

provisional patent plication serial no. 60/165,228, attorney docket no. 25791 .39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

15 , attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent ^licatimi serial no. _, attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 
20 As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 

apparatus 300 within the wellbore 10, fluidic materials 365 wifliin the wellbore 1 0 
are conveyed tiirou^ flie ^fiparatus 300 through the passages 310, 320 and 345 to a 
location above die apparatus 300. In tliis manner, surge pressures during placement 
of the ^iparatus 300 within Ae wellbore 10 are reduced. In a preferred embodiment, 
25 the apparattjs 300 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 355 ovo-l^s with the preexisting casing 15. In this 
manner, the upper portirai of Ae expandable tubular merhbrar 355 may be radially 
expanded into contact with and coi^led to the preexisting casing 15. As will be 
recognized by persons having ordinairy skill in the art, the precise initial position of 
30 die expandable ttibular member 355 will vary as a function of the amount of radial 
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expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through 
fte apparatus 300 toough the passages 310, 320, and 345 in cnrder to test the proper 
5 operation of tiiese passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then 
be injected trough tiie apparatus 300 through the passages 310, 320 and 345 into 
the annulus between the ^paratus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
1 0 radially expanded expansion cone launcher 335 and expandable tubular member 
355. The hardenable fluidic sealing material may include, for exmiple, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 375 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 375 is compressible, before, during and/or after, 
15 the curing process. 

As illustrated in Fig. 2e, a non-hardenkble fluidic material 380 may then be 
injected into the apparatus through the passages 310 and 320. A ball plug 385, or 
other similar device, may then be injected with the fluidic material 380 to thereby 
seal off the passage 345. In this manner, the region 350 may be pressurized by flie 
20 continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 
into the apparatus 300 causes the expansion cone launcher 335 to be plastically 
deformed and radially expanded off of the over-expansion insert 330. In this 
manner, the expansion cone 3 1 5 is displaced relative to the expansion cone launcher 
25 335 and expandable tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
. . tubular member 355 is provided solely by the outer conical surface 325 of the . 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
30 conical surface 325 of expansion cone 315 is less than the amount of radial 

expansion provided by the combination of the over-expansion insert 330 and the 



expansion cone 3 1 S. In this manner, as illustrated in Fig. 2g, a recess 390 is formed 
in the radially expanded tabular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. 
In an alternative enibodiment, the resilient force provided by the resilient members 
33 la, 331b, 331c, and 33 Id cause the insert 330 to collapse in the radial direction 
and thereby fall out of the recess 390. In an alternative embodiment, as illustrated in 
Fig. 4, one or more resilient hooks 395a and 395b are coupled to the bottom of the 
expansion cone 3 1 5 for retrieving the over-expansion insot 330 during or after the 
conq>letion of the radial expansion process. 

After convicting the plastic defcnmation and radial ejtpansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby 
form an aimular body .400 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coxipled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 355. 

Referring to Fig. 2i, a tubular member 405 may then be plastically deformed 
and radially expanded using any nimiber of conventional methods of radially 
expanding a tubular member. In a preferred embodiment. Hie upper portion of the 
radially expanded tubular member 405 overlaps mfh and mates witti the recessed 
portion 390 of the tubular member 355. In a preferred embodiment, one or more 
sealing members 410 are coupled to Ae exterior surface of the vpp&r portion of the 
tubular member 405. In a preferred embodiment, the sealing members 410 seal the 
interface between the iqiper portion of the tubular member 405 aiid the recessed 
portion 390 of the tubular member 355. In several alternative embodiments, the 
sealing members 410 may include elastomeric elements and/or metallic elements 
and/or con^site elements. In several alternative embodiments, one or more 
anchoring elements may substituted for, or used in addition to, the sealing members 
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410. In a preferred embodiment, an annular body 4 1 5 of a hardenable fluidic sealing 
material is also formed arotmd the tubular member 405 using one or more 
convaitiQnal methods. 

In a prefored embodiment, the tubular member 405 is plastically deformed 
5 and radially expanded, and the annular body 415 is formed using one or more of the 
i^jparatus and mettiods disclosed in the following: (1) U.S. patent plication serial 
no. 09/454,139, attorney docket no, 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no; 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
10 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, 
' attorney docket no. 25791.9.02, filed on .1 1/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application swial no. 09/51 1,941, attorney docket no. 
15 25791.16.02, filed on 2/24/2000, (8) U.S. patent iq>pKcatian serial no. 09/588,946, 
attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent iqjplication serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, 
filed on 7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, 
20 attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent 

application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
25 provisional patent application serial no. 60/1 59,033, attomey docket no. 25791 .37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attomey docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

30 __, attomey docket no. 2579 1 .45, filed on 7/28/2000, (1 9) U.S. 

inx>visional patent application serial no. , attomey docket no. 
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2579L46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .47, filed on 9/1 8/2000. the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In 
several alternative embodiments, the annular body 415 may be radially connpressed 
before, during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a 
downward direction by fluid pressure and/or by a support member 425 to plastically 
deform and radially expand the tubular member 405 such that the interior diameter 
of the tubular members 355 and 405 are substantially equal. In this manner, as 
illustrated in Fig. 21c, a mono-diametef' wellbore casing may be formed In a 
preferred enibodiment, during die displacement of tiie expansion cone 420 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 425a defined within the siq>pdKrt member 
425. 

Refetring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also 
be formed around the tubular member 500 using any number of conventional 
methods. In a preferred embodiment, the tubular member 500 is plastically 
deformed and radially expanded and the annular body 510 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attcMney docket no. 25791.03.02, filed 
on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7,02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patrat application serial 
no. 09/440338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
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attorney docket no. 2579M6.02» ffled on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attdmey docket no. 25791 .17.02, ffled on 6/7/2000, (9) U.S. 
patent appUatioa serial no. 09/559,122, attorney docket no. 25791 .23.02, fMed on 
4/26/2000, (10) PCT patent qyplication serial no. PCT/USOO/18635, attorney docket 
no. 25791 .25.02, fUed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671 , attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patait !q>plication serial no. 60/154,047, attorney dodcet no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent qjplication serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no». 
25791.37, filed on 10/12/1999, (16) U.S. pi-ovisional patent application serial no. 

■ attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

jffovisional patent application serial no. 60/165,228, attorney docket no. 25791 .39, 
filed on 1 1/12/1999, (18) U.S. provisional patent qiplication serial no. 

, attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. 

provisional patent aj^lication serial no. , attorney dodcet no. 

25791,46, filed on 7/28/2000, and (20) U.S. provisional patent application swial no. 

attorney dodcet no. 25791.47, filed an 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 5 10 may be omitted or 
may be conqiressible before, during, or after curing. 

Refwring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then 
be positioned within the tubular member 500 and inflated to a sufficient c^erating 
pressure to plastically deform and radially expand a porticH) of the tubular member 
to thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled put using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one'or more of the methods and apparatus described above in order to form a 
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mono-diameter wellbore casing! Before, during or after the radial e7q>ansion of the 
tubular member 525, an annular body 530 of a fluidic sealing material may be 
formed aroimd the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be 
coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during flie radial e^qpansion process in:q)lemented using the 
expansion cone. 

Refonring to Figs 6a-6b, in an alternative enibodiment, 9 tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a fluidic sealing niaterial 610 may also 
be formed around the tubular meniber 600 using any number of conventional . 
methods. In a preferred embodiment, the tubular member 600 is plastically 
deformed and radially expanded and the annular body 610 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed 
on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791 . 1 1 .02, filed on 
3/1 0/2000, (6) U.S. patent aH)lication serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attomey docket no, 25791.23.02, filed on 
4/26/2000, (10) PCT patent plication serial no, PCT/USOO/18635, attomey docket 
no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attomey docket no. 25791.27, filed on li/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attomey docket no. 25791.29, 
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filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 

attorney docket no. 25791 34, filed on 10/12/1999, (14) U.S. provisional patent 

application serial no. 60/159,039, attorney docket no. 25791.36, ffled on 10/12/1999, 

(15) U.S. provisional patent applicaticm serial no. 60/159,033, attorney docket no. 

25791 .37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 

filed on 1 l/12/1999i (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion df^ce 615 may 
then be positioned within the tubular member 600 and q>erated in a conventional 
manner apply a radial force to the interior surface of tihe tubular member 600 to 
plastically deform and radially ^pand a portion of the tubular member to thereby 
form a recess 620 in the tubular member. As will be recognized by persons having 
ordinary skill in the art, a roller expansion device typically utilizes one or more 
rollers that, flirough rotation of fte device, apply a radial force to the interior 
surfaces of a tubular member. In several alternative embodiments, the roller 
expansion device 6 1 5 may inclxide eccentric rollers such as, for example, as 
disclosed in U.S. Pat Nos. 5,014,779 and 5,083,608, the disclosures of which are 
incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the methods and apparatus described above in order to form a 
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mono^amcter welibore casing. Before, during or after the radial raqwnsion of the 
tubular member 625, an annular body 630 of a fluidic sealing material may be 
formed around &e tubular member in a conventi(»ial manna- and/or by using one or 
more of the methods and qjparatus described above. 

hi several alternative embodiineDts, the roller expansion device 615 may be 
coiq)led to the bottom of an expansion cone in order to permit tiie over-expansion 
process to be performed during the radial expansion process inplemoited using the 
expansion cone. 

Referring initially to Fig. 7a, a welibore 10 includes a preexisting welibore 
casing 15. The welibore 10 may be oriented m any orientation fiom the vertical to 
the horizontal. The preexisting welibore casing 1 5 may be coiq>led to Ihe upper 
portion of the welibore 10 using any numbra of convaitional methods. M a 
preferred embodiment, the welibore casing 15 is coupled to flie upper portion of the 
welibore 10 using one or more of the methods and q>paratiis disclosed in one or 
more of the following: (1) U.S. patent qjphcation serial no. 09/454,139, attorney 
docket no, 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed oh 1 1/15/1999, (5) U.S. patent appUcation serial no. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on. 
.2/24/2000, (8) U.S. patent application serial no. 09/588,946, atUwney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent sqiplication serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent application 
serial no. PCT/USOO/18635, attorney docket no. 2579L25.02, filed on 7/9/2000, 
(1 1) U.S. i»ovisi<mal patent application serial no. 60/162,671, attorney docket no.. 
25791.27, filed on l 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
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10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attorney docket na 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent 2q>plicatiQn serial no. , attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S, provisional patent 29)plicatiQn serial no. 
60/165,226, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent £q>plication serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of \v1iich are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Refming to Fig. 7b, an aqjparatus 700 for radially expanding a tubular 
member may then be positioned within the wellbore 10. The apparatus 700 includes 
a tubular support member 705 defining a passage 710 for conveying fluidic 
nfiaterials. An expansion cone 715 defining a passage 720 and having an outer 
conical surface 725 for radially expanding tubular members is coupled to an end of 
the tubular support member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intermediate portion 735b that mates with 
the expansion cone 71 5, and a lower portion 735c having a lower outer diameter. 
The lower outer diameter is greater than the upper outer diameter. The expansion 
cone launcher 735 further includes a recessed portion 735d having an outer diameter 
that is less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion 
of the expansion cone launcher 735. In a preferred embodiment, the valveable 
passage 745 may be controllably closed in order to fluidicly isolate a region 750 
below the expansion cone 715 and bounded by the lower portion 735c of the 
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ejqjansion cone laundier 735 and the shoe 740 from the region outside of &e 
q)paratus 700. 

An expandable tubular member 755 is coupled to the iq>per porticai 735a of 
the expansicm cone launcher 735. One or more sealing members 760a and 760b 
may be coiq>led to Ae exterior of the upper portion of the expandable tubular 
member 755. In several alternative embodiments, the sealing members 760a and 
760b may include elastomeric elements and/or metalUc elements and/or coniposite 
elements. In several alternative embodimaits, one or more anchoring elements may 
substituted for, or used in addition to, the sealing membo^ 760a and 760b. 

In a preferred embodimmt, &e support memher 705, tiie expansion cone 715, 
fbe expansicm cone laundier 735, ibe shoe 740, and ^ expandable tubular meinber 
755 are provided substantially as disclosed in one or more of Ae following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent q)plication serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. .25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
plication seri^ no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent s^jplication serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. 
provisional patent plication serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1 999, (13) U.S. provisional patent plication serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
plication soial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent aiq>lication serial no. 60/159,033, attorney docket no. 
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25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. ^ 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 11/12/1999, (18) U.S. provisional patmt application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. . attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

_, attorney docket no. 25791 .47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 
are conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, 
the qiparatus 700 is initially positioned within the wellbore 1 0 such that the top 
portion of the tubular member 755 overlaps with the preexisting casing 15. In this 
maimer, the iq^per portion of the expandable tubular member 755 may be radially 
cxpmdcd into contact with and coiq>led to the preexisting casing 1 5. As will be 
recognized by persons having ordinary skill in the art, flie precise initial position of 
the expandable tubular member 755 will vary as a function of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and tfie material 
properties of the expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through 
the apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of fliese passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then 
be injected through the apparatus 700 through the passages 710, 720 and 745 into 
the annulus between the apparatus and the wellbore 10. b tfiis manner, an annular 
barrier to fluid migration into and out of tfie wellbore 1 0 may be formed around the 
radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic sealing material may include, for exmtple, a cement 
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mixture. In several alternative embodiments, tbe injection of the hardenable fluidic 
sealing material 775 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 77S is conq)ressible, before, during and/or afta:, 
the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball phig 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby 
seal off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the appzacBtus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of Ae fluidic 
material 780 into the apparatus 700 causes the expansion cone launcher 735 and 
expandable tubular member 755 to be plastically deformed and radially ejq^anded 
off of the expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radid expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to hereby 
form an annular body 795 tiiat provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 755. 

Referring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a convientional manner and/or by 
using one or more of the methods and apparatus described above in order to form a 
mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 800, an annular body 805 of a fluidic sealing material may be 
-formed around the tubular memb^ in a conventional manner and/or by using one or 
more of the methods and apparatus described above. In a preferred embodiment, the 
lip 790 facilitates the coupling of the tubular member 800 to the tubular member 755 
by providing a region on which the tubular member 800 may be easily coupled onto. 
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Referring to Fig. 8 a, in an alternative embodiment, a wellbore 10 includes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 
includes sealing members 905a and 905b and a recess 910. An annular body 915 of 
a fluidic sealing material may also be provided around ttie casing 900. The casing 
5 900 and annular body 915 may be provided using any number of conventional 
methods, the metiiods described above, and/or using one or more of the methods 
disclosed in the following: (1) U.S. patent plication serial no. 09/454,139, attorney 
docketno. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
1 0 application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 

2/10/2000, (4) U.S. patent appHcation serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 1 1/1 5/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 2579 1 . 11 .02, filed on 3/1 0/2000, (6) U.S. patent application 
serial no. 09/512,895, attorney docketno. 25791.12.02, filed on 2/24/2000, (7) U.S. 
15 patent application serial no. 09/511,941, attorney dodcet no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent applicsAon serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, 
20 (1 1) U.S. provisional patwit plication soial no. 60/162,671 , attorney docket no. 
25791.27, filed <m 1 1/1/1999, (12) U.S. prowsional patoit application serial no. 
60/154,047, attorney docketno. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/1 59,082, attorney docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent appHcation serial no. 60/159,039, attorney 
25 docketno. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. _^ , attorney docket no. 

. 25791 .38, filed on 6/1 9/2000, (17) U.S. provisional patent application serial no.. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

30 provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (1 9) U.S. iMrovisional patent application serial no. 
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, attorney docket no. 25791 .46, filed on l/imOOO, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791 .47, filed on 9/18/2000, the disclosures of which arc incorporated herein by 
reference. 

Refeiring to Fig. 8b, an apparatus 1000 for radially expanding a tubular 
member is then positioned within the wellbore 10 that includes a tubular support 
member 1005 that defines a passage 1010 for conveying fluidic materials. A 
hydraulic locking device 1015 that defines a passage 1020 for conveying fluidic 
materials that is fluidicly coiqjled to the passage 1010. The locking device 1015 
fiirther includes inlet passages, 1 020a and 1 020b, actuating chambers, 1 025a and 
1025b, and locking members, 1030a and 1030b. During (q>eratiQn, the injection of 
fluidic materials into the actuating chambers, 1025a and 1025b, causes the locking 
members, 1 030a and JOSOb, to be displaced outwardly in the radial. direction. In this 
manner, the locking device 1015 may be ccMitroUably coupled to a tubular member 
to thereby maintain the tubular member in a substantially stationary position. As 
will be recognized by persons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, 
and locking members 1 030 will determine the maximum amount of holding force 
provided by the locking device 1015. In several alternative embodiments, fluidic 
materials may be injected into the locking device 10] 5 using a dedicated fluid 
passage in order to provide precise control of the locking device. In several 
alternative embodiments, the locking device 1015 may be omitted and the tubular 
support member 1005 coupled direcfly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines apassage 1040 is 
coupled to the locking device 1015. The passage 1040 is fluidicly coupled to the 
passage 1020. An e}q>ansion cone 1045 that defines a passage 1050 and includes an 
outer conical surface 1055 is coi^led to anofter end of the tubular support member 
1035. An expansion corie launcher 1060 is movably coupled to and supported by 
the expansion cone 1045. The expansion cone launcher 1060 includes an upper 
portion 1060a having an upper outside diameter, an intermediate portion 1060b that 
mates with the expansion cone 1045, and a lower portion 1060c having a lower 
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outside diameter. The lower outside diameter is greater than tbe u|)per outside 
diameter. 

A shoe 1 065 that defines a valveable passage 1 070 is co\q)led to tbe lower 
portion 1 060c of the expansion cone launcher 1 060. hi fliis manner, a region 1 075 
5 below the e3q>ansion cone 1 045 and bounded by the expansion cone launcher 1 060 
and Hit shoe 1 065 may be pressurized and fluidicly isolated fix>m the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 

1 0 sealing members are coupled to the exterior of the upper portion of tiie expandable 
tubular member 1080. In several alternative embodiments, the sealing menfl>ers 
may include elastomeric elements and/or metallic elements and/or conq>osite 
elements. In several alternative embodiments, one or more anchoring elements may . 
substituted for, or used in addition to, the sealing members. 

15 An expansion cone 1085 defining a passage 1 090 for receiving iht tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular siq)port member 
1005 is coupled to the bottom of the expansion cone 1085 for siqiporting and 
actuating die expansion cone. 

20 In a preferred embodiment, ihc support members 1 005 and 1 035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent ^plication serial no. 

25 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
• 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 

30 serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patait application serial no. 09/5 1 1 ,941 , attorney docket no. 25791 . 1 6.02, filed on 
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lIlAtmO, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

25791.17.02, fUed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 

attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent application 

scdalno. PCr/USOO/18635, attorney docket no. 25791.25.02, ffled on 7/9/2000, 
5 ( 1 1 ) U. S. provisional patent plication serial no. 60/1 62,67 1 , attorney docket no. 

25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 

patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 

10/12/1999, (14) U.S. provisional patent plication serial no. 60/159,039, attorney 
10 docket no. 25791 .36, filed on 10/12/1999, (15) U.S. provisionial patent application 

serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. _, attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228, attorney docket no. 25791 .39, filed on 1 1/12/1999, (18) U.S. 
1 5 • provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
E^paratus 1000 within tbe^ellbore 10, fluidic materials 11 10 within the wellbore 10 
are conveyed through the apparatus 1000 tfarou^ tiie passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In tiiis manner, surge pressures during 

25 placement of the apparatus 1 000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within tiie wellbore 10 such 
that the top portion of the tubular member 1 080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the yxpp^ portion of the expandable tubular 
member 1 080 may be radially expanded into contact with and coupled to the recess 

30 9 1 0 of fte pre«isting casing 900. 



43 



As illustrated in Fig. 8c, a fluidic material 1115 may then be injected tbrough 
the apparatus 1000 through the passages IQIO, 1020, 1040» and 1070 in order to test 
the proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may ttien 
5 be injected tfirou^h the qyparatus 1000 through die passages 1010, 1020, 1040, and 
1070 into &e annulus between the q>paratU5 and flie weUbore 10. In this maimer, an 
annular barrier to fluid migration into ^d out of the wellbore 10 may be formed 
around the radially expanded expansion cone launcher 1060 and expandable tubular 
member 1080. The hardenable fluidic sealing material may include, for exanq)le, a 
10 cement mixture. In several alternative embodiments, the injection of the hardenable 
fluidic sealing material 1 120 may be omitted. In several altemative embodiments, 
the hardenable fluidic sealing material 1 120 is compressible, before, during and/or 
after, the curing process. 

As illustrated in Fig. Be, a non-hardenable fluidic material 1 125 may then be 
15 injected into the apparatus 1000 through tfie passages 1010, 1020 and 1040. A ball * 
plug 1 130» or other similar device, may then be injected with the fluidic material 
1 125 to thereby seal oflF the passage 1070, In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manna-, the actuating chambers, 1025a and 1025b, of the 
20 locking device 1015 ihay be pressurized. In this manner, the tubular member 1080 
. may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, Hie expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
25 expansion cone 1 085 may plastically deform and radially expand the upper portion 
of the expandable tubular member 1080. In this maimer, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 9 1 0 of the 
preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
30 member 1015 preferably prevents axial displacement of the tubular member 1080. 
In a preferred embodiment, the locking member 1015 is positioned proximate the 
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upper portion of the tubular member 1080 in order to prevent buckling of die tubular 
member 1 080 during the radial expansion of the upper portion of die tubular 
member. In an alternative embodiment^ the locking nmnber 1015 is omitted and the 
interference between the intermediate portion 1 060b of the expansion cone launcher 
1060 and die expansion cone 1045 prevents Hie axial displacement of the tubular 
member 1080 during the radial expansion of the upper portion of the tubular 
member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be 
raised out of the wellbore 10. 

As illustrated in Fig. 8h, tiie continued injection of the fluidic material 1 125 
into the iqjparatus 1000 may &en cause the expansion cone laundier 1060 and the 
expandable tubular meniber 1080 to be plastically deformed and radially expanded 
off of the expansion cone 1045. In this manner, the expansion cone 1045 is 
displaced relative to tiie expansion cone launcher 1 060 and expandable tubular 
member 1080 in the axial direction. In a preferred embodiment, the axial forces 
created during the radial expansicm process are greater than the axial forces 
generated by the locking device 1015. As will be recognized by persons having 
ordinary skill in the art, the precise relationship between these axial forces will vary 
as a function of the operating characteristics of the locking device 1015 and the 
metallurgical properties of the expansion cone launcher 1060 and e5q>andable 
tubular 1080. In an alternative embodiment, the operating pressures of the actuating 
chambers, 1025a and 1 025b, and the region 1075 are separately controllable by 
providing separate and dedicated fluid passages for pressurizing each. 

As illustrated in Fig. 8i» aft^ conq>leting tte plastic deformation and radial 
expansion of the tubular member 1080, fte hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 that provides; a barrier to fluid 
flow into or out of the wellbore 10. The shoe 1065 may then removed by drilling 
out the shoe using a conventional drilling device. A new section of the weUbore 10 
may also be drilled out in order to permit additional expandable tubular menibers to 
be coupled to the bottom portion of the plastically defortned and radially expanded 
tubular member 1080. 
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In an alternative embodiment, the annular body 1 1 30 may be omitted. In 
several alternative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. . 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded 
5 ajgain using one or more of the methods described above to provide an mono* 
diameter wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 
1205 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further 
include outer annular layers of fluidic sealing materials such as, for example, 
10 cement. The ends of the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 
opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1 2 1 0, by plastically deforming and radially expanding the 
1 5 tubular member 1220 using one or more of the methods and s^aratus desoibed and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular memb^ 1220. In a prefnred embodiment, the length of the radial 
expansion device 1225 is greater tiian or eq\xai to the axial length of the tubular 

20 member 1220. In several alternative embodiments, the radial expansion device 1225 
nfiay be any number of conventional radial expansion devices sudi as, for exanq)le, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, aft^ actuation and subsequent de-actuation and 

25 removal of the radial expansion device 1225, the inside diameters of the casings, 
1205 and 1210, are substantially eqxial to the inside diameter of the tubular member 
1220. In this manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a preferred eiiibodiment, the tubular 

30 members, 1 305 and 1 3 1 0, are plastically deformed and radially expanded using one 
or more of the methods and apparatus described and referenced above. In this 



manner, a wellbore casing may be provided whose burst and collapse strength may 
be precisely controlled by varying tiie number, thickness, and/or material properties 
of Ae tubular members, 1305 and 1310. 

Referring to Fig. 1 1 a, a wellbore 1400 includes a casing 140S that is coiq)led 
5 to a preexisting casing 1410, In a preferred embodiment, one or more sealing 
members 1415 are coupled to the exterior of the upper portion of the tubular 
member 1405 in order to optimally seal the interface between the tubular member 
1405 and the preexisting casing 1410. In a preferred embodiment, the tubular 
member 1405 is plastically deformed and radially expanded using conventional 

1 0 methods and/or one or more of the methods and apparatus described and referenced 
above. In an exemplary embodiment, the outside diamet^ of the tubularmember 
1405 prior to the radial expansion process is ODo> the wall thickness of the tubular 
member 1405 prior to the radial expansion process is to» the outside diameter of the 
tubular member following the radial e?q>ansion process is OD), and the wall 

1 5 thickness of the tubular member following the radial expansion process is t] . 

Referring to Fig. lib, a tubular member 1420 may then be coupled to fte 
lower portion of the tubular member 1405 by plastically deforming and radially 
expanding the tubular member 1420 using conventional methods and/or one or more 
of the methods and apparatus described and referenced above. In a preferred 

20 embodiment, the exterior surface of the upper portion of the tubular member 1420 
includes one or more sealing members for sealing the interface between the tubular 
member 1420 and ttxe tubular member 1405. 

Referring to Fig. 1 1 c, lower portion of the tubular member 1405 and the 
tubular member 1420 may be radially expanded again to provide a mono-diameter 

25 wellbore casing. The additional radial expansion may be provided using 

conventional methods and/or one or more of the methods and ^)paratus described 
and referenced above. In an exemplary embodiment, the outside diameter and wall 
, thickness of the lower portion of the tubular member 1405 after the additional radial 
expansion process are OD2 and t2. 

30 The radial expansion process of Figs. 1 lb- 1 1 c can then be repeated to 

provide a moho-diameter wellbore casing of virtually unlimited length. 



47 



In several alternative embodiments, the ordering of the radial expansions of 
the tubular members, 1405 and 1420, may be changed. For example, the first 
tubular member 1405 may be plastically deformed and radially expanded to provide 
a lower portion having the outside diameter OD2 and the remaining portion having 
5 ttxo outside diameter ODi. The tubular meniber 1420 may then be plastically 

deformed and radially expanded one or more times until the inside diameters of the 
tubular members, 1405 and 1420, are substantially equal. The plastic deformations 
and radial expansions of the tubular members, 1405 and 1420, may be provided 
using conventional methods and/or one or more of the methods and apparatus 
1 0 desCTibed and referenced above. 

In* an exemplary embodiment, the total expansion strain E of the tubular 
member 1405 may be expressed by the following equation: 

E^(OD,r-ODo)/OD, (1) 
where ODq = original outside diameter, 

1 5 ODi = outside diameter after 1** radial expansion; and 

OD2 - outside diameter after 2"' radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
20 first radial expansion is equal to d, the outside diameters, ODi and OD2, of the 
tubular member 1405 following the first and second radial expansions may be 
expressed as: 

OZ), = OZ)o + 2rf+2/i (2) 
OD2^0Dy^2R^2t2 (3) 

where ODq = tiie original outside diameter of the tubular 

25 meniber 1405; 

OD, = the outside diameter of the tubular member 

1405 following the first radial expansion; 
OD2 = the outside diameter of Hxe tubular member 

1405 following the second radial expansion; 
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d = the radial spacing between the tubular 

member 1405 and Ae wellbore prior to the first 
radial expansion; 

ti = the wall thickness of the tubular member 

5 1405 after the first radial expansion; 

h - the wall thickness of the tubular member 

1405 after the second radial expansion; and 

R - the thickness of sealing member provided on 



the exterior surface of the tubular member 1420. 
1 0 Furtfiemiore, in an exenq>]aiy embodimoit, for d q)proximately equal to 0.25 

inches and R approximately equal to 0. 1 inches, eqiiation (1) can be approximated 

as: 

£=(o.7"+3.7/o)/QDo (4) 

where to . = the original wall thickness of the tubular 

15 member 1405. 

In an txewpldiy embodimmt, the total e7q)ansion strain of the tubular 
member 1405 should be less than or equal to 0.3 in order to maximize the burst and 
coUs^ strengtti of the e)q)andable tubular member. Therefore, from equation (4) 
the ratio of the original outside diamet^ to the original wall thickness (ODq/Xq) may 
20 be expressed as: 

OZ>o / to ^ 3-8/(03 - 0.7 / OD^) (5) 
Thus, in a preferred embodiment, for ODq less than 10 inches, the optimal 
ratio of the original outside diameter to the original wall thickness (ODo/to) may be 
expressed as: 
25 ODo/t^k 16 (6) 

In this manner, for typical tubular members, the burst and collapse strength 
of flie tubular members following one or more radial expansions are maximized 
when the relationship in equation (6) is satisfied. Furthermore, the relationships 
expressed in equations (1) through (6) are valid regardless of the order or type of the 
30 radial expansions ofthe tubular member 1405. More generally, the relationships 
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expressed in equations (1) through (6) may be applied to the radial expansion of 
stn;ictures having a vdde range of profiles such as, for exan^Ie, triang^ 
rectangular, and oval. 

An apparatus for plasticaUy deforming and radially expanding a tubular 
member has been described ihat includes means for plastically deforming and 
radially expanding a first portion of the tubular member to a first outside diameter, 
and means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is removable. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tabular member to the first outside diameter is firangible. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter is elastic. In a 
preferred embodiment, flie means for plastically deforming andradially expanding 
the first portion of tl^ tubular member to the first outside diameter includes means 
for applying.a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes rolling 
means for applying radial pressure to the first portion of the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support memb^ includmg a 
first fluid passage, an expaxision cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, a removable annular conical sleeve coupled to the outer conical 
surface of the expansion cone, an annular expansion cone launcher coupled to the 
conical sleeve and a lower portion of the tubular member, and a shoe having a 
valveable passage coupled to an end of the expansion cone launcher. In a preferred 
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embodiment, the conical sleeve is fi^gible. In a preferred CTibodiment, Ae conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality 
of arcuate elements. . 

A nietfaod of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically deforming and radially expanding a 
portion of the tubular member to a first outside diameter, and plastically deforming 
and radially expanding another portion of the tubular member to a second outside 
diameter. In a preferred embodiment, tihe first diameter is greater than the second 
diameter. In a preferred embodiment, plastically deforming and radiially expanding 
the portion of the tubular member includes applying a radial force to the portion of 
die tubular member using a conical sleeve. In a preferred embodiment, conical 
sleeve is firangible. In a preferred embodiment, the conical sleeve is elastic. In a 
preferred embodiment, the conical sleeve includes a plurality of arcuate elenMits. 
In a preferred embodiment, plastically deforming and radially expanding the portion 
of the tubular meniber includes applying a radial force to the portion of the tubular 
member using an inflatable bladder. In a preferred embodiment, plastically 
deforming and radially expanding the portion of the tubxilar member includes 
applying a radial force to the portion of the tubular member using a roller expansion 
device. 

A method of coupling a first tubular member to a second tubular member has 
also been described ^t includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming 
and radially expanding another portion of the first tubular member to a second 
outside diameter, positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular n^ber, 
plastically deforming and radially expanding the second tubular n^ber to a third 
outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter.. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming > 
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and radially expanding the first portion of the first tubular member includes applying 
a radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is frangible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the first portion of flie first tubular member using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the 
first portion of the first tubular member using a roller expansion device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been desaibed that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, means for positioning the second 
tubular member inside the first tubular member in overlying relation to flie first 
portion of the first tubular member, means for plasticaUy deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than fte second outside diameter. 
In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a 
radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is fi^gible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a inreferred embodiment, the means for plastically 
deforming and radially expanding the first portion of flie first tubular member 
includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, flie means for 
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plastically defonmng and radially expanding the first portion of the first tubular 
member includes means for applying a radial force to the first portion of the firat 
tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radiaUy expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second pOTtion of the tubular member to a second outside dianleter. In 
a preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. In a preferred embodiment, the means for plastically 
defonning and radially expanding the first portion of the tubular member to the first 
outside diameter is fiangible. In a prefmed embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is elastic. In a preferred embodiment the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes means for applying a radial force to the firet portion of the 
tubular member, hi a i^feiTed embodiment, die means for plastically defonning 
and radially expanding the first pOTtion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding die first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first 
portion of the tubular member. Li a preferred embodimrat, the apparatus furflier 
includes means for formmg ai\ annular body of a fluidic sealing material within an 
annulus between tiie tubular member and &e wellbore. 

An ^jparatus for forming a wellbore casing within a wellbore has also been 
described diat includes a tubular siqjport member including a first fluid passage, an 
expansion cone coi^jled to the tubular siq>port member havmg a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coiq}led to the outer conical surface of die 
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expansion cone, an annular expansion cone launch^ coupled to the conical sleeve 
and a lower pwtion of the tubular member, and a shoe having a valveable passage 
coupled to an end of the expansion cone launcher. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. 
In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes supporting a tubular n^ber within a wellbore, plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to k second outside diameter. In 4 preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a conical sleeve. 
In a preferred embodiment, the conical sleeve is fiBngible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodimrat, the conical 
sleeve includes a plurality of arcuate elements. In a preferred embodiment, 
plastically deforming and radially expanding die portion of the tubular member 
includes applying a radial force to tiie portimi of the tubular member using an 
inflatable bladder. In a preferred embodiment, plastically deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion ofthe tubular member using a roller expansion device. In a preferred 
embodiment, the method further includes injecting an aimular body of a hardenable 
fluidic sealing material into an annulus between the tubxilar member and the 
wellbore. In a preferred embodiment, the method further includes curing the annular 
body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the 
wellbore, plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
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positioning the second tubular member inside the first tubular member in 
overlying relation to the first portion of the first tubular n^ber, plastically 
deforming and radially expanding flie second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
5 member to a fourfli outside diameter. The inside diameters of the first and second 
tubular members aft^ the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
10 a radial force to the portion ofthe tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is fi^gible. hi a preferred embodiment, 
the conical sleeve is elastic, hi a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements, hi a preferred.embodiment, plastically deforming 
and radially expanding the first portion of die first tubular member includes flying 
15 . a radal force to Ae first portion ofthe first tubular inember using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of flie first tubular member includes applying a radial force to the 
first portion of fte first tubular member using a roller expansion device. In a 
preferred embodiment, the method fiirther includes injecting an annular body of a 
bardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. hi a preferred embodiment, the method further includes curing the 
annular body of hardenable fluidic sealing material, hi a preferred embodiment, the 
method further includes injecting an annular body of a hardenable fluidic sealing 
material into an annulus between the second tubular member and the wellbore. In a 
preferred embodunent, the method further includes curing tiie annular body of 
hardenable fluidic sealing material. 

An apparatus for coupling a fu^ tubular member to a second tubular membw 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
meaiis for plasticaUy deforming and radially expanding another portion ofthe first 
tubular member to a second outside diameter, means for positioning the second 
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tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubulat member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plastically deforming and radially expanding the second tubular member to a fouitti 
5 outside diameter. The inside dian[ieter5ofthe first and second tubular members aft^ 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diantieter is greater than the second outside diameter. 
In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a 
1 0 radial force to the portion of the tubular member using a conical sleeve. In a 

preferred embodiment, the conical sleeve is fi-angible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the first tubular member 
1 5 includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, the means for 
plastically deforming and radially expanding ttie first portion of the first tubular 
member includes means for applying a radial force to tiie first portion of the first 
tubular member using a roller expansion device. In a preferred embodiment, the 
20 apparatus fiirther mcludes means for injecting an annular body of a hardenable 
fluidic sealing matoial into an annulus between Uie first tubular member and the 
wellbore. In a preferred embodiment, the apparatus furOier includes means for 
curing the annular body of hardenable fiuidic sealing material. In a preferred 
embodiment, the apparatus fiirther includes means for injecting an anriular body of a 
25 hardenable fluidic sealing material into an annulus between the second tubular 

member and the wellbore. In a preferred embodiment, the apparatus fiirther includes 
means for curing the azmular body of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes means for providing a lipped portion 
30 in a portion of the tubular member, and means for plastically deforming and radially 
expanding another portion of the tubular member. 
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An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coi^led to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
5 corneal surface, an annular expansion cone launchw including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion fliat mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having . 
a first outside diameter, and a fourth annular portion coupled to the third annular 
1 0 portion having a second outside diameter, wherein the second outside diameter is 
less ftan the first outside diameter, and a shoe having a valveable passage coiq>led to 
fourfli annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member 
has also been described that includes providing a lipped portion in a portion of the 
1 5 tubular member, and plastically deforming and radially expanding another portion of 
the tubular member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the 
20 first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding ihe second tubular member. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially eqxial. 
25 An apparatus for coupling a first tubular member to a second tubular memb^ 

has also been desoibed that includes means for providing a lipped in the first tubular 
member, means for plastically deforming and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first 
30 tubular member, and means for plastically deforming and radially expanding the 
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second tubular member. The inside diameters of the first and second tubular 
members afier fte plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing witfiin a wellbore has also been 
described that includes n^ans for suppcnting a tubular member within the wellbore, 
5 nieans for providing a lipped portion in the tubular member, and means for 

plastically defonning and radially ^panding another portion of the tubular member 
to a second outside diameter. 

An i^aratus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 

10 expansion cone coiqDled to the tubular support member having a second fluid 

passage fluidicly coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled.to a 
lower portion of the tubular member, a second annular portion coupled to the first 
annular portion that mates with the outer conical surface of the expansion cone, a 

1 5 - third annular portion coupled to the second annular portion having a first outside 
diameter, and a fourft annular portion coiq>led to the third annular portion havmg a 
second outside diameter, wherein the second outside diamet^ is less than the first 
outside diameter, and a ^oe having a valveable passage coupled to fourth annular 
portion of the expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described 

that includes supporting a tubular member within the wellbore, providing a lipped 
portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an annulus 

25 between the tubular member and the wellbore. In a prefared embodiment, the 
method further includes curing the fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
• also been described that includes supporting a first tubular member within die 
wellbore, providing a lipped portion in a portion of the first tubular member, 

30 plastically deforming and radially expanding another portion of the first tubular 
member, positioning the seccmd tubular member inside the first tubular member in 
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ovorlqjping relation to the lipped portion of the first tubular member, and plastically 
defimning and radiaUy expanding fte second tubular memb^ The inside diameters 
of the first and second tubular members after flie plastic deformations and radial 
expansions are substantially equal. In a preferred embodiment, the method further 
5 includes injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the fluidic sealing material. In a prefeired embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an annulus 
between the second tubular memb^ and the wellbore. In a preferred enibodiment^ 
10 the method further includes curing the fluidic sealing nuiterial. 

An apparatus for fonning a mono-diamfeter wellbore casmg wifliin a wellbore 
has also.been described that includes means for providing a lipped in the first tubular 
member, means for plastically deformihg and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 
15 the first tubular meniber in overlapping relation to tfie lipped portion of the first 
tubular member, and means for plastically deforming and radially expanding the 
second tubidar member. The inside diameters of the first and second tubxilar 
members after the plastic deformations and radial expansions are substantially equal. 
In a preferred embodiment, the apparatus further includes means for injecting a 
20 hardenable fluidic sealmg material in an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus fiirther includes means 
for curing the fluidic sealing material. In a preferred embodiment, the apparatus 
further includes means for injecting a hardeimble fluidic sealing material in an 
annulus between the second tubular member and flie wellbore. In a preferred 
25 embodiment, the ^paratus further includes means for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular 
. member has also been described tfiat includes means for plastically deforming and 
radially expanding a first md of the tubular member, and means for plastically 
30 deforming and radially expanding a second end of the tubular member. In a 
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prefeired embodiment, the apparatus furflier includes means for ancboring the 
tubular member during the radial expansion. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular siq)port member including a 
first paissage, an expansion cone co\q)led to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an 
annular e:q>ansion cone launcher movably coupled to outer conical surface of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. In a preferred embodiment, flie annular 
expansion cone is adapted to plastically deform and radially expand a first end of the 
expandable tubular member and the other annular expansion cone is adapted to 
plastically deform and radially expand a second end of the expandable tubular 
member. Jn a preferred embodiment, the ^aratus fixrtfaer includes an anchoring 
member coupled to the tubular support member adapted to hold the expandable 
tubular. 

A mettiod of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically deforming and radially expanding a 
first end of the tubular member, and plastically deforming and radially expanding a 
second end of the tubular member. In a preferred embodiment, the method further 
includes anchoring the tubular member during the rsadial expansion. In a preferred 
embodiment, the first end of the tubular member is plastically deformed and radially 
expanded before the second end. In a preferred embodiment, plastically deforming 
and radially expanding the second end of the tubular member includes injecting a 
fluidic material into the tubular member. 

A method of coupling- a first tubular member to a second tubular member has 
also been described that includes positioning the second tubular member inside the 
first tubular member in an overlapping relationship, plastically deforming and 
radially e^qjanding the end of the second tubular member that overlaps with the first 
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tubular member, and plastically deforming and radially expanding Ae remaining 
portion of flie second tubular membCT. In a preferred embodiment, the method 
further includes plastically deforming and radially expanding at least a portion of the 
second tubular raeniber. In a preferred embodiment, the inside diameters of the first 
5 and second tubular members are substantially equal after the radial expansions. 

An apparatus for couphng a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubiilar member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member 
1 0 that overlaps with the first tubular member, and means for plastically deforming and 
radially expanding fte remaining portion ofthe second tubular mem^^ In a 
preferred embodiment, the apparatus further includes means for plastically 
deforming and radially expanding at least a portion of the second tubular member. . 
In a preferred embodiment, the inside diameters of the first and second tubular 
1 5 members are substantially equal after the radial expansions* 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end 
of the tubular member. In a preferred embodiment, the apparatus further includes 
means for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the ^paratus further includes means for injecting a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described tfiat includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surfece, an annular expansion cone 
laundier movably coupled to outer conical surface of tiie expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
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coupled to the tubular support member. The annular e;q[>ansiQn cones are positioned 
in opposite (mentations. In a preferred embodiment, the amnilar expansion cone is 
adapted to plastically defomi and radially expand a first end of the expandable 
tubular member and the other annular expansion cone is adapted to plastically 
deform and radially expand a second end of the expandable tubular member. In a 
preferred embodiment, the sqsparatus further includes an anchoring member coupled 
to Ae tubular support member adapted to hold the expandable tubular. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first end of 
the tubular member, and plastically deforming and radially expanding a second end 
ofthe tubular member. In a preferred embodiment, the method further includes 
anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the first end of the tubular member is plastically deformed and radially 
expanded before tiie second end. In a preferred embodiment, plastically deforming 
and radially expanding die second end ofthe tubular member includes injecting a 
fluidic material into die tubular member. In a preferred embodiment, fho method 
further includes injecting a hardenable fluidic sealing material into an annulus 
between die tubular member and the wellbore. • 

A method of forming a wellbore casing within a wellbore has also been 

described diat includes plastically deforming and radially expanding a first tubular 

member within the wellbore, positioning a second tubular member inside the first 

tubular member in an overlapping relationship, plastically deforming and radially 

expanding the end of the second tubular member that overlaps with the first tubular 

member, plastically deforming and radially expanding the remaining portion of the 

second tubular member. In a preferred embodiment, the method further includes 

plastically deforming and radially expanding at least a portion of the second tubular 

member. In a preferred embodiment, the inside diameters of the first and second 

tubular members are substantially equal after the radial expansions, bi a preferred 
* 

embodiment, the method further includes injecting a hardenable fluidic sealing 
materia] into an smnuhis between the first tubular member and the wellbore. In a 
preferred embodiment, the method furdier includes injecting a hardenable fluidic 
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sealing material into an annulus between flie second tubular member and the 
wellbore. 

An qjparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for plastically deforming and radially expanding a 
5 first tubular member within the wellbore, means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular meiriber 
that overlaps with the first tubular member, means for plastically deforming and 
radially expanding the remaining portion of the second tubular member. In a 
10 preferred embodiment, the ^aratus fiirlh^ includes means for plastically 

deforming and radially expanding at least a portion of the second tubular member. 
In a preferred embodiment, the inside diameters of tibe first and second tubular 
members are substantially equal after the radial expansions. In a preferred 
embodiment, tfie apparatus further includes means for injecting a hardenable fluidic 
1 5 sealing material into an annulus between the first tubular member and flie wellbore. 
In a preferred embodiment, the apparatus further includes means for injecting a 
hardenable fluidic sealing material into an aimulus between Hit second tubular 
member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
20 casing within a wellbore has also been described fliat includes means for supporting 
a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, means for plastically deforming and radially expanding the tubular member, 
and means for plastically deforming and radially expanding the tubular member and 
the opposing ends of the wellbore casings. 
25 A method of bridging an axial gap between opposing pairs of wellbore casing 

within a wellbore has also been described that includes supporting a tubular mernbo- 
in overlapping relation to the opposing ends of the wellbore casings, plastically 
deforming and radiaUy expanding tiie tubular member, and 
plastically deforming and radially expanding the tubular member and the opposing 
30 ends of the wellbore casings. 
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A method of forming a structure having desired strength charactmstics has 
also been described that includes providing a fibrst tubular member^ and plastically 
defonning and radially expanding a!dditi(mal tubular members onto the interior 
surface of the first tubular member until the desired strength characteristics are 
achieved 

A method of forming a wellbore casing within a wellbore having desired 
strength characteristics has also been described that includes plastically deforming 
and radially expanding a first tubular member within the wellbore, and plastically 
deforming and radially expanding additional tubular members onto the interior 
surface of the first tubular member until the desired strength characteristics are 
achieved 

A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODq and an original wall • 
tfiickness to, has also been described that includes plastically deforming and radially 
expanding a first portion of the Gist tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter, wherein the 
inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal, and 
wherein the ratio of the original outside diameter ODq of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 
16. 

A method of forming a mono-diameter wellbore casing has also been 
described that includes positioning a first tubular member within a wellbore, the first 
tubular member having an original outside diameter OD© and an original wall 
thickness to^ plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
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expanding another portion of the first tubular ffiember to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of ttie first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal, and wherein the ratio of die original outside diameter ODo of the 
first tubular member to flie original wall thickness t© of the first tubular member is 
greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first porticm having a first outside 
diameter and a remaining portion having a second outside diameter, wherein the 
ratio of the original outside diameter ODo of the first tubular member to the original 
wall thickness to of the first tubular member is greater than or equal to 16. 

An apparatus has also been described fliat includes a plastically deformed and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter ODq of the 
first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. In a preferred embodiment, the inside diameters of the 
first and second tubular members are substantially equal. 

A wellbore casing formed in a wellbore has also been described that includes 
a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 
member coupled to the first portion of the first tubular member. The ratio of the 
original outside diameter OD© of Ae first tubular member to the original wall 
thickness t© of the first tubular member is greater than or equal to 1 6. In a preferred 
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embodim^t, the inside diameters of Ae first and second tubular members are 
substantially equal. 

An apparatus has also been desoibed that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, Ae ratio of flie 
5 original outside dianaeter ODo of the tubular member to flie original wall thickness to 
of the tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to fonn or repair wellbore casings, pipelines, and 
structural siq>ports. 

10 Although this detailed description has shown and described illustrative 

embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may enq>Ioy some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims 

15 broadly, and in a manner consistent with flie scope of the invention. 
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Claims 

What is claimed is: 

1 . An apparatus for bridging an axial gap between opposing pairs of wellbore 
5 casings within a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 

means for plastically defonning and radially expanding the tubular member; 

and 

1 0 means for plastically defonning and radially expanding the tubular member 

and die qpypostng ends of the wellbore casings. 

2. A method of bridging an axial gap between opposing pairs of wellbore casings 
within a wellbore, comprising: 

15 supporting a tubular member in overlapping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

20 
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1 . An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for plastically deforming and radially expanding a first portion of tbe 
5 tubular member to a first outside diameter; and 

means for plastically deforming and radially expanding a second pOTtion of the 
tubular memb^ to a second outside diameter. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater than the 

1 0 second outside diameter. 
» 

3. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. 

15 

4. The qsparatus of claim 1 , wherein the means for plastically deforming aiid 
radially expanding the first portion of die tubular member to the first outside 
diameter is frangible. 

20 5. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

6. The apparatus of claim 1 , wherein the means for plastically deforming and 
25 radially expanding the first portion of the tubular member to the first outside 

diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

7. The apparatus of claim 1 , wherein die means for plastically deforming and 
30 radially expanding the first portion of the tubular member to the first outside 

diameter is inflatable. 
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8. The apparatus of claim 1 , whereia the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter includes rolling means for applying radial pressure to the first portion of 

5 the tubular member. 

9. An apparatus for plastically deforming and radially expanding a tubular 
member, conq>rising: 

a tubular support member inchiding a first fluid passage; . 
1 0 an expansion cone coupled to flw tubular siqjport member having a second 

fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
1 5 pcMtion of the tubular member, and 

a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

10. The apparatus of claim 9, wherein the conical sleeve is fi-angible. 

20 

1 1 . The s^paratus of claim 9, wherein flie conical sleeve is elastic: 

12. The qqjaratus of claim 9, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

13. A method of plastically deforming and radially expanding a tubular member, 
con^rising: 

plastically deforming arid radially expanding a portion of the tubular member 
to a first outside diameter, and 
JO plastically deforming and radially expanding another portion of the tubular 

member to a second outside diameter. 
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1 4. The method of claim 13, wherein the first diameter is greater than the second 
diameter. 

5 15. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tuhulaf member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

10 16. The method of claim 1 5, wherein the conical sleeve is fi^gible. 

1 7. The method of claim 1 5, wherein the conical sleeve is elastic. 

1 8. The method of claim IS, wherein the conical sleeve conprises a plurality of 
15 - arcuate elements, 

1 9. The method of claim 1 3 , wherein plastically deforming and radially expanding 
the portion of the tubidar member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
20 bladder. 

20. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular member conprises: 

applying a radial force to the portion of the tubular member using a roller 
25 expansion device. 

21. A method of coupling a first tubular member to a second tubular member, 
' c6iiq)rising: 

plastically deforming and radially expanding a first portion of the first tubular 
30 member to a first outside diameter; 
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plastically deforming and radially expanding anotiier portion* of the first 
tubular member to a second outside diameter; 

positioning flie second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
5 plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
1 0 plastic deformations and radial expansions are substantially equal. 

22. The method of claim 21, wherein the first outside diameter is greater than the 
second outside diameter. 

15 23. The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member conq>rises: 

^plying a radial force to the portion of the tubular member using a conical 
sleeve. 

20 24. The method of claim 23, wherein the conical sleevie is fi^gible. 

25. The method of claim 23, wherein the conical sleeve is elastic. 

26. The meAod of claim 23, wherein the conical sleeve con^rises a plurality of 
25 arcuate elements. 

27. The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member conqsrises: 

applying a radial force to the first portion of the first tubular member using an 
30 inflatable bladder. 
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28. The methcxi of claim 21 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member conoprises: 

flying a radial force to the first portion of Ihe first tubular member using a 
roller e3q>ansi(Hi device. 

5 

29. An apparatus for coupling a first tubular member to a second tubular member, 
conqjrising: 

means for plastically deforming and radially expanding a first portion of the 
first tubular member to a first outside diameter; 
1 0 means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter, ' 

means for positioning the second tubular member inside the first tubular 
member in ov^l^ii^g relation to tte first portion of the first tubular memben 

means for plastically deforming and radially expanding the second tubular 
1 5 member to a third outside diameten and 

means for plastically deforming and radially expanding flie second tubular 
membo: to a fourth outside diametei^ 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

20 

30. The apparatus of claim 29, wherein the first outside diameter is greater than 
the second outside diameter. 

.3 1 . The ^aratus of claim 29, wherein the means for plastically deforming and 
25 radially expanding Ae first portion of the first tubular member connprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of claim 3 1 , wherein the conical sleeve is fiangible. 

30 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic. 
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34. The apparatus of claim 31, wherein tfie conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of claim 29, wherein tiie means for plastically deforming and 
radially expanding the first portion of the first tubular member conprises: 

means for applying a radial force to the first portion of die first tubular 
member usiiig an inflatable bladder. 

36. The apparatus of clahn 29, wherein die means for plastically deforming and 
radially expanding the first portion of the firat tubular member comprises: 

means for applying a radial force to the first portion of fhe first tubular 
member using a roller expansion device. 

37. An apparatus for forming a wellbore casing within a wellbore, con5)rising: 
means for supporting a tubidar member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular memb^ to a second outside diameter. 

38. The a^aratus of claim 37, wherein the first outside diameter is greats than 
the second outside diameter. 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is fi^gible. 
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41. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of ibQ tubular member to the first outside . 
diameto- is elastic. 

5 

42. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

10 

43. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. . 

15 44. The apparatus of claim 37, wherein tiie means for plastically deforming and 
radially expanding the first portion of the tubular member to tiie first outside 
diameter conpises rolling means for applyiiig radial pressure to the first portion of 
the tubular member. 

20 45. The apparatus of claim 37, finther con^sing: 

means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and the wellbore. 

46. An apparatus for forming a wellbore casing within a wellbore, comprising: 
25 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical sur&ce of the 
expansion cone; 

30 an aimular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
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a shoie having a valveable passage coupled to an end of the expansion cone 
launcher. 

47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

50. A method of forming a wellbore casing wilhin a wellbore, con^sing: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 

5 1 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

52. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of claim 50, wherein the conical sleeve con5)rises a plurality of 
arcuate elements. 
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56. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

flying a radial force to the portion of the tubular member using an inflatable 
5 bladder. 



57. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of flie tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
1 0 expansion device. 

58. The method of claim 50, further con5>rising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 

15 

59. The method of claim 58, furtiier comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of forming a mono-diameter wellbore casing within a wellbore, 
20 comprising: 

supporting a first tubular member within the wellbore; 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first 
25 tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 
30 plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
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wherein the inside diameters of the first and second tubular memb^s after the 
plastic deformations and radial expansions are substantially equal. 

6 1 . The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

62. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular memb^ comprises: 

q>plying a radial force to the portion of the tubular member using a conical 
sleeve. 

63. The method of claim 62, wherein the iconical sleeve is firangible. 

64. The method of claim 62, wherein the conical sleeve is elastic. 

65. The niethod of claim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

66. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

67. The method of claim 60, wherein plastically deforming and radially expanding 
die first portion of the first tubular member canspnses: ^ 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

68. The method of claim 60, fiirther comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 
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69. The method of claim 68, fiulher coxnprism^^ 

curing the annular body of hardenable fluidic sealing material. 

70. The method of claim 60, fiirtfa^ comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

f 

7 1 . The method of claim 70, further con^rising: 

curing ttie annular body of hardenable fluidic sealing material. 

72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically defomiing and radially expanding a first portion of tte 
first tubular msmbcc to a first outside diameten 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameten 

means for positioning the second tubular nciember inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

73. The apparatus of claim .72, wherem the first outside diameter is greater than 
the second outside diameter. 

74. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 
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means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

75. The apparatus of claim 74, wherein the conical sleeve is frangible. 
. 76. The apparatus of claim 74, wh^ein Ae conical sleeve is elastic. 

77. .The apparatus of claim 74^ wherein the conical sleeve conqirises a plurality of 
arcuate elements. 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member coirqirises: 

means for flying a radial force to the first portion of tbe first tubular 
member using an inflatable bladder. 

79. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding tiie first portion of the first tubular memba- comprises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

80. The apparatus of claim 72, fiirtiber corr^rising: 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the first tubular member and die wellbore. 

8 1 . The apparatus of claim 80, fiirther con^rising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of claim 72, fiirdier comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the second tubular member and the wellbore. 
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83. The apparatus of claim 82, further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically deforming and radially expanding a tubular 
meniber, comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

85. An apparatus for plastically deforming and radially expanding a tubular 
member, con:q)rising: 

a tubular support member including a first fluid passage; 

an expansion cone coiq^led to the tubular siq>port member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

an annular e^^ansion cone launcher conpising: 

a first annular portion coiq;>led to a lower portion of the tubular memben 

a second annular portion coupled to the first aimular portion diat mates with 
the outer conical sur&ce of the expansion cone; 

a third aimular portion coupled to the second annular portion having a first 
outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter, and 
a shoe having a valveable passage coiq>led to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically deforming and radially e3q>anding a tubular member, 
comprising: 

providing a lipped portion in a portion of Ae tubular member, and 
plastically deforming and radially expanding another portion of the tubular 
member. 
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87. A method of coupling a first tubular member to a second tubular member, 
conq)rising: 

providing a lipped portion in a portion of the first tubular member, 
plastically deforming and radially expanding another portion of the first 
tubular member; 

positiomng the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular memben and 
plastically deforming and radially expanding the second tubular menaber, 
wherein the inside diameters of fbt first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
conqnising: 

means for providing a lipped portion in the first tubular member, 

means for plastically deforming and radially expanding another portion of die 

first tubular member; 

means for positioning the second tubular member inside the first tubular 

member in overl£q>ping relation to the lipped portion of die first tubular memb^; 

and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after tfie 
plastic deformations and radial expansions are substantially equal. 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for providing a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 
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90. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 
5 an annular expansion cone launcher conq>rising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
10 outside diameter; and 

a fourdi annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less flian the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
1 5 expansion cone launcher. 

91 . A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 

providing a lipped portion in a portion of the tubular member; and 
20 plastically deforming and radially expanding another portion of the tubular 

member. 

92. The method of claim 9 1 , further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the 
25 tubular member and the wellbore. 

93. The method of claim 92, furdier coniprising: 
curing die fluidic sealing material. 

30 94. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 
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supporting a first tubdar memW within th^ 
providing a lipped portion in a portion of the first tubular ine 
plastically deforming and radially expmding another portion of the first 
tubular member, 

positioning Ae second tubidar member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal, 

95. The method of claim 94, fiirflier conqjrising: 

injecting a hardenable fluidic sealing materia] in an annulus between the first 
tubular memb^ and the wellbore. 

96. The method of claim 95, fiirther comprising: 
curing the fluidic sealing material. 

97. The method of claim 94, fijTther comprising: 

injecting a hardenable fluidic sealing material in an annulus between the 
second tubular member and the wellbore. 

98. The method of claim 97, fiirther comprising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
conq)rising: 

means for providing a lipped in the first tubular member; 
means for plastically deforming and radially expanding another portion of the 
first tubular member; 
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means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubidar member, 
and 

means for plastically deforming and radially txpmding the second tubular 
5 membei^' 

wherein the inside diameters of the first and second tubular members after Ac 
plastic deformations and radial expansions are substantially equal. 

.100. The apparatus of claim 99, further conpising: 
1 0 means for injecting a hardenable fluidic sealing material in an annulus between 

the first tubular member and tbt wellbore. 

101. The apparatus of claim 100, further conqxrising: 
means for curing the fluidic sealing material. 

15 

.102. The apparatus of claim 99, further conqmsing: 

means for injecting a hardienable fluidic sealing material in an annulus between 
the second tubular member and the wellbore. 

20 103. The apparatus of claim 1 02, further conqwising: 
means for curing the fluidic sealing material. 

104. An q>paratus fpr plastically deforming and radially expanding a tubular 
member, coiiq}rising: 

25 means for plastically deforming and radially expanding a first end of die 

tubular member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. ' 

30 105. The apparatus of claim 104, fiirther comprising: 

means for anchoring the tubular member during the radial expansion. 
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106. An apparatus tor plastically deforniing and radially expanding a tubular 
member, comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to &e first passage and an outer conical surface; 

an annular expansion cone launcher movably coiq>led to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcher; 

a shoe coupled to anoflier end of Ae anniilar expansion cone laimcher having a 
valveable fluid passage; and 

another annular expansion cone niovably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

108. The apparatus of claim 106, fiirtfaer conqxrising: 

an anchoring member coiq>Ied to flie tubular support member adapted to hold 
the expandable tubular. 

109. A method of plastically deforming and radially expanding a tubular member, 
conq)rising: 

plastically deforming and radially expanding a first end of the tubular member; 

and 

plastically deforming and radially expanding a second end of the tubular 
member. 
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110. The method of claim 109, finrther coxnimsmg: 
anchoring the tubular member during 4ie radid bcpansion. 

111. The method of claim 109, wherein the first end of fte tubular member is 
plastically deformed and radially expanded befcm &e second end. 

112. ITie method of claim 109, plastically deforming and radially expanding the 
second end of the tubular member conq>rises injecting a fluidic material into the 
tubular member. 

1 13. A method of coupling a first tubular member to a second tubular member, 
comprising: 

positioning the second tubular member inside the first tubular member in an 
overlapping relationship; 

plastically deforming and radially expanding Ate end of &e second tubular 
member that overlaps with the first tubular member; 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

1 1 4. The method of claim 113, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 

115. The method of claim 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 16. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 
member in an overlapping relationship; 
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ineans for plastically deforaiing and radially expanding the end of the second 
tubular member that overlaps with Ae first tubular member; 

means for plastically defomiing and radially expanding the remaining portion 
of the second tubular member. 

1 1 7. The apparatus of claim 1 16, further conprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

118. The apparatus of claim 1 17, wherein the inside diameters of the first and 
second tubular members are substantially equal after tHe radial e5q)ansions. 

1 1 9. An apparatus for forming a wellbore casing within a wellbore, con5)rising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first end of the 
tubular member; and 

means for plastically deforming and radially expanding a second end of Ae 
tubular member. 

120. The apparatus of claim 1 19, fiirther conqrising: 

means for anchoring the tubular member during the radial expansion. 

121. The apparatus of claim 1 19, fiirther comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

122. An apparatus for forming a wellbore casing within a wellbore, conq)rising: 
a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 
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an annular expansion cone launcher mpvably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of claim 122, wherein Ae annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular niember 
and the other annular expansion cone is ad^ted to plastically deform and radially . 
expand a second end of &e expandable tubular member. 

124. The apparatus of claim 122, furOier coiiqirising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore,coriiprising: 
plastically deforming and radially expanding a first end of the tubular member; 

and 

plastically deforming and radially expanding a second end of the tubular 
member. 

126. The method of claim 125, further conqirising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 
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128. The method of claim 125, plastically deforming and radially expanding tlie 
second end of the tubular member conqjrises injecting a fluidic material into Ae 
tubular member. 



5 129. The method of claim 125, fimher comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

130. A method of forming a wellbore casing within a wellbore, conoprising: 

10 plastically deforming and radially expanding a first tubular member within Ae 

wellbore; 

positioning a secrad tubular member inside the first tubular member in an 
overlapping relationship; 

plastically deforming and radially expanding the end of the second tubular 
1 5 member that overlaps with the first tubular member; 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

131. The method of claim 130, further con^rising: 

20 plastically deforming and radially expanding at least a portion of the second 

tubular member. 

132. The metfiod of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

25 

133. The method of claim 130, fiirtfaer conqirising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
, tubular member and the wellbore. 

30 134. The method ofclaim 130, further comprising: 
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injecting a ha^denable fluidic sealing material into an annulus between the 
seccmd tubular member and the wellbore. 

135. An apparatus for forming a wellbore casing within a wellbore, comprising: 

5 means for plastically deforming and radially expanding a first tabular member 

within die wellbore; 

means for positioning the second tubular member inside die first tubular 
member in an overlapping relationship; 

means for plastically deforming and radially expanding the end of the second 
1 0 tubular member that overlaps with the first tubular member; 

means for plastically deforming and radially expanding the remaining portion 
of the second tubidar member: 

136. The q)paratus of claim 13S, further comprising: 

15 means for plastically deforming and radially expanding at least a portion of the 

second tubular member. 

137. The apparatus of claim 136» wherein the inside diameters of die first and 
second tubular members are substantially equal aft^ the radial expansions. 

20 

138. The apparatus of claim 135, further conqjrising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 

25 139. The apparatus ofclaim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between die second tubular member and the wellbore. 

140. An apparatus for bridging an axial gap between opposing pairs of wellbore 
30 casing within a wellbore, comprising: 

90 



means for siqjporting a tubular member in overls^ptng relation to the opposing 
ends of the wellbore casings; 

means for plastically deforming and radially expanding the tubular member; • 

and 

5 means for plastically deforming and radially expanding the tubular member 

and the opposing ends of the wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

1 0 suj^xnting a tubular member in overls^ing relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially e;^»anding die tubular member; and 
plastically deforming and radially expanding the tobular member and the 

opposing ends of the wellbore casings. 

15 

142. A method of fonning a structure having desired strength characteristics, 
con^rising: 

providing a first tubular member; and 

plastically deforming and radially expanding additional tubular members onto 
20 the interior surface of the first tubular member until the desired strength 
characteristics are achieved 

143. A method of forming a wellbore casing within a wellbore having desired 
strength characteristics, comprising: 

25 plastically deforming and radially expanding a first tobular member within the 

wellbore; and 

plastically deforming and radially expanding additional tobular members onto 
the interior surface of the. first tobular member until the desired strength 
characteristics are achieved. 
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1 44. A metbod of coupling a jBrst tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODq and an original wall 
thickness t^ com^sing: 

plastically deforming and radially expanding a first portion of fte first tubular 
5 member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 
1 0 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and ' 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 

wh^ein the inside diameters of the first and second tubular members after the 
1 5 plastic deformations and radial expansions are substantially equal; and 

wherein ttie ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

20 145. A method offorming a mono-diameter wellbore casing, coirq)rising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODq and an original wall thickness t©; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 
25 plastically deforming and radially expanding another portion of the first 

tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlying relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
30 third outside diameter; and 
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plastically deforming and radially expanding Ae second tubdar member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

146. An ^aratuS) conqirising: 

a plastically defomied and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining portion having a second 
outside diameter; 

wherein the ratio of Ae original outside diameter ODq of the first tubular 
member to the original wall thickness to of tihe first tubular member.is greater than or 
equal to 16. 

147. An apparatus, conq)ri5ing: 

a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter; and 

a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member; 

wherein the ratio of flie original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

148. The apparatus of claim 147, wherein the inside diameters of the first and 
second tubular members are substantially equal; 

149. A wellbore casing formed in a wellbore, comprising: 
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a plastically defonned and radially expanded first tubular member having a 
first portion having a first outside diameter.and a remaining portion having a second 
outside diameter; and 

a plastically defonned and radially e7g>and6d second tubular member coupled 
5 to the first portion of the first tubular member, 

wherein the ratio of die original outside diameter ODq of tihe first tubular 
member to the original wall thickness to of the first tubular member is greater Aan or 
equal to 16. 

10 150. The casing of claim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plastically defonned and radially expanded tubular member 
1 5 wherein flie ratio of the original outside diameter ODq of the tubular member 

to ibe original wall thickness to of the tubular member is greater than or equal to 16. 
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